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Effect of fertilization on remediation of petroleum contaminated soil by Sudangrass

HAN Tao, ZHAO Zhi-peng, WANG Ying—ying"

(Ministry of Education Key Laboratory of Pollution Processes and Environmental Criteria, Tianjin Key Laboratory of Environmental Remedia—
tion and Pollution Control, College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China)

Abstract: In the present study, the effect of fertilization on the remediation of petroleum contaminated soil by Sudangrass was investigated in
a pot experiment. Growth of Sudangrass and removal and components of petroleum hydrocarbons were examined. Results showed that grow—
ing Sudangrass significantly decreased petroleum hydrocarbon content in the soil. After 90 day of the experiment, the removal rate of
petroleum hydrocarbons was 10.31% greater under fertilization (up to 54.20% ) than under the un—fertilized control. Fertilization also pro—
moted the growth of Sudangrass. The shoot height (up to 23.07 e¢m ), shoot dry weight (up to 0.45 ¢), and root dry weight(up to 0.08 g) of
Sudangrass under fertilization were all significantly higher than those under the un—fertilized control. The removal rates of aromatic hydro—
carbons(16 PAHs, up to 21.35% ) and alkanes(C8~C40, up to 51.94% ) were respectively 7.39% and 6.44% greater under fertilized condi—
tions than under the control. Significant differences were observed in the removal rates between alkanes and aromatic hydrocarbons. The re—
moval efficiencies of alkanes were greater than those of aromatic hydrocarbons under both fertilized and control conditions. Phenanthrene,
pyrene and benzo[a] anthracene were the main components of the aromatic hydrocarbons, representing more than 80% of the total aromatic
hydrocarbons in the soil. Our results demonstrate that fertilization could promote the remediation of petroleum contaminated soil by Sudan—
grass.

Keywords: N, P and K fertilizer; Sudangrass; petroleum hydrocarbons; aromatic hydrocarbons; alkanes
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Figure 1 Removal rates of petroleum hydrocarbons
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Table 1 Chemical and physical properties of soil(g-kg™)

AHLFE Organic matter L% Total N B Total P B Total K

Cr Cu Fe Mn Ni Pb Sr Zn

37.580 1.221 0.711 27.142

26.996 0.015

0.025 21.775 0430 0.024 0.029 0.090 0.141
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Figure 2 Morphological attributes of Sudangrass
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Figure 3 Content of photosynthetic pigments in Sudangrass
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Figure 4 Residual content of aromatic hydrocarbons in soil with different treatments after remediation
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Table 2 Residual content of alkanes in soil with different treatments after remediation

Bkl sy L DB i) Peak time/ &t Concentration/pg-kg™ 2% FbE Difference

Alkane components min X HE Control AEFE Treatment
C8 10.609 78.33x4.41 62.94+3.46 wE
c9 15.198 18.56+3.13 11.20£0.51 *
C10 20.325 11.42+1.17 7.32+0.86 ok
Cl11 25.507 38.69+8.29 24.38+1.66 *
C12 30.496 27.30+1.87 18.60+1.93 ok
C13 35.237 42.15+5.82 34.12+6.78 —
Cl14 39.702 265.79+172.59 386.77+86.53 —
C15 43.92 691.39+298.74 702.63+73.12 —
C16 47.903 1 801.85+692.97 1 458.83+311.03 —
C17 51.679 2 430.30+£567.93 1 969.54+144.07 —
C18 55.276 2 623.36+634.93 2 050.93+337.70 —
C19 58.694 3 039.99+401.37 2 445.31+130.66 —
C20 61.946 4 928.82+601.00 3 870.80+271.35 —
C21 65.061 5 707.21+£556.95 4 465.87+246.10 *
€22 68.038 6 941.74+£796.30 5260.02+275.13 *
€23 70.891 7 174.42+574.00 5 496.03+294.57 *
C24 73.633 7 086.95+518.10 5 815.10+£326.91 *
C25 76.266 7 180.25+502.62 6 222.13+343.61 —
C26 78.802 7 524.06+598.81 6 822.79+384.90 —
C27 81.255 6 105.79+£362.24 5 622.82+316.48 —
€28 83.611 4 359.68+158.48 4 193.17+£249.12 —
C29 85.885 4 251.57£159.70 4 296.66+377.73 —
C30 88.077 6 103.65+£778.12 5 945.19+303.35 —
C31 90.296 5 377.57+214.40 5 131.98+477.91 —
C32 92.804 3 946.05+144.49 3 769.76+398.80 —
C33 95.712 3 963.96+183.08 3 802.46+382.89 —
C34 99.157 3 011.51+305.03 2 921.20+397.55 —
C35 103.278 3 546.59+182.82 3 349.01+423.81 —
C36 108.226 2 461.26+323.70 2 234.60+401.14 —
C37 114.235 3 997.11+489.72 3 782.65+584.90 —
C38 121.539 2 602.35+209.33 2 477.52+244.85 —
C39 130.442 2 238.42+275.57 1 941.45+978.71 —
C40 141.316 2 211.27+489.50 1 984.08+509.16 —
Sum — 111 789.30+5 135.61 98 577.86+5 730.85 *

T2 FORAN R A2 E] 22 57 5835 (P<0.05) 5 % SR RAN AR 0] 2 54 1. 3 (P<0.01) s — 3R 2 e AN i % .

Note : * indicates significant differences between treatments(P<0.05); ** indicates significant differences between treatments(P<0.01 ); — indicates no

significant differences between treatments(P>0.05).



W, A EIEX IR PR A A Y 91

Hr C34.C36~C40 I LBRFEREN T 60%L |, Him
R 78.22%(CA0 ) ; Tt AL FE A B %k 3] 30% LA 1Y
A TEFEIN C17~C40, Hi €34 .C36~C40 [ F:p5%
IKF) T 60%LA I, BN 80.46%(C40), X HE Fljita AT
Ak B R e J (C8 ~C40) 1Y 25 B %43 51| 2 45.50% Fil
51.94% fEgiit= A T2 5 (P<0.05)

3 e

T I A 0 e 2 LA K IR A s i), <A RS
SRR K3 ) RGBT IR it S A Y RS AR A 1Y
APy it AT R I R i A A R —
P20 A TR T B AR R M T E RN R T E
BT BN, AT BE S ARG T b A A
(A TR B, A T b T A A g 38 o, 1 i (A A
REAS IR Z2 07K 43, I AR 4 i 38 A s 2>
T BRI ZE K XU RH R Y RS = A
P E 25T, REHE R X K A3 B R R Ak 212,
PRI RE SRS 7T 7K, AR AN R %
L3 B 52 0 B AR A AT A2 M

[T, 2520 A A o BB 2 20 e e 1 e i 24>
Basumatary 5525 1 i) + 3 8 i 2B 2 S AR (N
120 mg-kg™;P:60 mg-ke™; K.60 mg-ke™), Z21:4360 d,
A1 R AR ERK 5] 61.29%~86.2%, Coulon £ 11 7%
TR, 330 d Ji 5 3 R0 S8 T 0 7 I Ja 1 38 R i 2 3
I 80% . k5w G F A 0.75% SR B S
Whle — S S IERN(5:1), 20t 60 d B, £
JELPRFRE T 48.5% ., FHEHEPWIHIRIESEA P
REJnA -8 R YI  A K 64 d R AR 25
BRIk 43.91%, X 4R, it Rt e LA
TR 2B o A RIS FP AR R 4R e T s e -
AR EBRR, nTRESE AR A AN A U A
KAEFSRMAE T 7R MFR57 S gk AP bR 0 L 3T
VAR R, HESGE T R, U T g
HR T DA

RERLGE AR A7 i FR e ke S R 2 o0 B 25 Bk o FEAR
RIS X A B, JER R BRE N 11.67%F1
20.37% , % K 20 43 (C13~C28) R H 43 51 6.32%~
52.05%(C13 40 F1 10.70%~53.88%( C14 [R4M) ., 2
SEEERSIN T B A IR R AN REIR K, EM LBRR 4
W 9.60%F1 13.49%, M C13~C28 kil st oy 2=
AN 13.94%~59.02%F1 11.56%~49.65% , 155t 1
LB feke (C8~C40) 5% B o B 5 42 (16 R
ZIRTHRI) 33.91 f5F0 32.72 % (5% 2 FIE 4) , WItA

T B U AE A B 53.53 £i%, 1 Wang %574 18 78 H
FIT A G 3 ek 2 D KR 1) 33~87 o iX T bR
B 7 1 AT BEUUE B A R R bR, Bk H oyl we
Y PR

4 g

(D& 90 d MR, L amE S EHE T
Rk, S A et fr Xof BGRB8 A b L SR04 IES 1 e ot 12
VAR PR IE R T 54.20% , 5% A B3
25

(2)Rt A BRAE i TP AE K R F , Hoh ik
i b T E A R T R R TR, AR KA
LR EES.

(3 )it JEL A FRAE HE T 22 38 55 k& (16 Flv) Fl e &
(C8~CA0) 11y 2B , X BEE I L BRACRAL 9512

Sk

[1]Pi1Y, Xu N, Bao M, et al. Bioremediation of the oil spill polluted marine
intertidal zone and its toxicity effect on microalgae[J|. Environmental
Science : Processes & Impacts, 2015, 17(4).877-885.

(2] BEHER, TR, AR 4 BA A TR (14 A R S R AR 1 20 A
[0). LM IREERR2E24 4], 2013, 32(7 ) 1361-1367.

JIA Hong-bai, QU Li-na, WANG Qiu—yu. Growth characteristics and
degradation properties of four oil-degradation fungi[J]. Journal of A gro—
Environment Science, 2013,32(7):1361-1367.

(317 FF. sRBERE, XU SC, 45, Bt i DX T 2 AR AR 78 I il

5 LIERE ST HONLT). AL FRER 2221, 2015, 34(1):50-57.
YU Qi, ZHANG Xiao—xi, LIU Zeng—wen, et al. Remediation effects of
urban greening—tree litters on petroleum—contaminated soil in oil pro—
ducing region of Northern Shaanxi[J]. Journal of Agro—Environment Sci—
ence, 2015, 34(1):50-57.

(4124, A0k, 3K B, S URAE TR A0 T S AR A ALK

FEVERRISZ AL AL FREERL 7274t 2008, 27(3):914-919.
QIAO Xing—guo, LI Fa—yun, ZHANG ying, et al. The effect of freezing
and thawing on enzyme activity and dissolved organic carbon in
petroleum contaminated soil[J]. Journal of Agro—Environment Science,
2008, 27(3):914-919.

[S16EHE T, JEJR 2, BHA I, 2. 3 FUPRZ BT RIS Je 1% 1
(M BFHEENE ). P I REER, 2012, 32(7): 1257-1262.

BAO Yan-yu, ZHOU Qi-xing, BAO Yan—jiao, et al. Adsorption and
desorption of three tetracycline antibiotics in petroleum —contaminated
soils[J]. China Environmental Science, 2012, 32(7):1257-1262.

[6] Gaskin S E, Bentham R H. Rhizoremediation of hydrocarbon contami-
nated soil using Australian native grasses[J]. Science of the Total Envi—
ronment, 2010, 408(17) :3683-3688.

[7] Cai Z, Zhou Q, Peng S, et al. Promoted biodegradation and microbiologi—
cal effects of petroleum hydrocarbons by Impaiiens balsamina L. with

strong endurance[J]. Journal of Hazardous Materials, 2010, 183(1):



92

KA IEFF 2R EIRRET PR

731-737.

[8] Oleszczuk P, Hale S E, Lehmann J, et al. Activated carbon and biochar
amendments decrease pore—water concentrations of polycyclic aromatic
hydrocarbons (PAHs ) in sewage sludge[J]. Bioresource Technology,
2012, 111:84-91.

[9]Zhu F, Yan W, Tian D, et al. Impact of cultivating Cinnamomumcam—
phora(L.) Presl. on PAHs dissipation in diesel—contaminated soils[C].
Remote  Sensing, Environment and Transportation Engineering
(RSETE ), 2011 International Conference on. IEEE, 2011 :7634-7636.

[10] Das R, Tiwary B N. Production of indole acetic acid by a novel bacteri—
al strain of Planomicrobium chinense isolated from diesel oil contami—
nated site and its impact on the growth of Vigna radiata|]). European
Journal of Soil Biology, 2014, 62:92-100.

LU BRI, P, Tk . S5 TR A AL T B HOX it e 1 1 i

ST Al IR =24, 2011, 30(8) : 1567-1572.
ZHAO Shuo-wei, SHEN Jia—shu, SHEN Biao. Construction of multiple
bacterial consortium and its application in bioremediation of
petroleum—contaminated soil[J]. Journal of A gro—Environment Science,
2011, 30(8):1567-1572.

[12] Wang Z Y, Xu Y, Zhao J, et al. Remediation of petroleum contaminated
soils through composting and rhizosphere degradation[]J]. Journal of
Hazardous Materials, 2011, 190(1):677-685.

(131365 55, Phbf, skopr 4, 45 300 bt DX S AR B 08 R0 Bl BRI R AL
PG RS B, P R 20, 2012, 34(2) :52-57.

XIE Yong, SUN Hong-ren, ZHANG Xin—-quan, et al. Effects of N, P
and K fertilizer on alfalfa and recommended fertilizer rate in Bashang
area[J]. Chinese Journal of Grassland, 2012, 34(2):52-57.

(147 /NI, G G 0. i A o 35 T 7 T R e 0 7 0 W M ) 532 M
[J]. BEHbAA4R, 2006, 14(1):52-56.

LI Xiao—kun, LU Jian—wei. Effect of fertilization to the yield and NPK
nutrient absorption of Sudangrass[J]. Acta Agrestia Sinica, 2006, 14
(1):52-56.

[15] Arnon D 1. Copper enzymes in isolated chloroplasts: Polyphenoloxidase
in Beta vulgaris|J]. Plant Physiology, 1949, 24(1):1-15.

[16] A HHAE AR M. JE5T : SR H . 1990.

ZHU Guang-lian. Physiology of plant experiment[M]. Beijing: Peking
University Press, 1990.

[17] Wang X, Cai Z, Zhou Q X, et al. Bioelectrochemical stimulation of
petroleum hydrocarbon degradation in saline soil using U-tube micro—
bial fuel cells[J]. Biotechnology and Bioengineering, 2012, 109(2) .
426-433.

[ 18] Wenclawiak B, Rathmann C, Teuber A. Supercritical —fluid extraction
of soil samples and determination of polycyclic aromatic hydrocarbons
(PAHs) by HPLCIJ]. Fresenius' Journal of Analytical Chemistry, 1992,
344(10):497-500.

[19] 3L PY. 5P} — 22 B S ] 3 0t S A ] 2 < 5 -
JIZNE D). B ROl R, 2010.

LI Wen—xi. Effect of continuous fertilization on forage growth and soil

fertility in the Sudangrass and ryegrass rotation system[D]. Wuhan :

Huazhong Agricultural University, 2010.

[20] BHEE, B R B, S5 R ALK T S5 75 AF KoK i SPAD

B 5578534 SR AN BT OC R AT FE ] A @ gk =3, 2008, 23
(1):58-62.
HUANG Qin-lou, CHEN En, HUANG Xiu-sheng, et al. Relationship
among SPAD, partial traits and quality of Euchlaena Mexicana at dif—
ferent nitrogen application rates|J]. Fujian Journal of Agricultural Sci-
ences, 2008, 23(1):58-62.

[21] SCAMR, SR, ZRIM R BRI FA K 203 88 00 7 FOKAE K 152
] FHbEdR, 2010, 18(6) :870-874.

WEN Shi-lin, DONG Chun -hua, RONG Xiang—min. The effects of
phosphate and lime application on growth of Zea Mexicana in red soils
[J]. Acta A grestia Sinica, 2010, 18(6) : 870-874.

[22] Li W, Li Z, Li W. Effect of the niche—fitness at different water supply
and fertilization on yield of spring wheat in farmland of semi-arid areas
[J]. Agricultural W ater Management, 2004, 67(1):1-13.

[23] Pala M, Ryan J, Zhang H, et al. Water—use efficiency of wheat—based
rotation systems in a Mediterranean environment[J]. A gricultural W ater
Management, 2007, 93(3):136-144.

[24]Bao M, Sun P, Yang X, et al. Biodegradation of marine surface floating
crude oil in a large—scale field simulated experiment|J]. Environmental
Science : Processes & Impacts, 2014, 16(8):1948-1956.

[25] Jasmine J, Mukherji S. Evaluation of bioaugmentation and biostimula—
tion effects on the treatment of refinery oily sludge using 2n full factori-
al design[J]. Environmental Science : Processes & Impacts, 2014, 16(8) ;
1889-1896.

[26]Basumatary B, Bordoloi S, Sarma H P. Crude oil —contaminated soil
phytoremediation by using Cyperusbrevifolius (Rotth. )Hassk[J]. Water,
Air, & Soil Pollution, 2012, 223(6):3373-3383.

[27]Coulon F, Pelletier E, Gourhant L, et al. Degradation of petroleum hy—
drocarbons in two sub—antarctic soils: Influence of an oleophilic fertil—
izer[J]. Environmental Toxicology and Chemistry, 2004, 23(8):1893—
1901.

(28] 5k 5, BRAEE, IR AR, A5, Ariis g 3B A L AR b AR 1
[J]. INZRERE, 2009, 22(5) : 127-130.

ZHANG Qiang, QIU Wei—-zhong, CHI Jian—guo, et al. Application of
fertilizers in remediation of petroleum contaminated soil[J]. Shandong
Science, 2009, 22(5):127-130.

[29] FFabl, TKARAR, T+ R, . B S A HUICIR & 7ME & Ariis 4
TIEBIWEFEI]. AL FRIGR22441, 2010, 29(1) :66-72.

QI Jian—chao, ZHANG Cheng—dong, QIAO Jun, et al. Bioremediation
of petroleum—contaminated soil by mixed microbes and organic fertiliz—
er|J]. Journal of Agro-Environment Science, 2010, 29(1):66-72.

[30] % 52, BEAHE, EAEAR, 5. PIRPERENDRHEIEK i A F5 3 REIUR:
T S A AT A IR ]. BRI, 2010, 29(3) :455-461.

WU Liang, LIANG Sheng—kang, WANG Xiu-lin, et al. Study on nutri—
ent release characteristics of two slow—release fertilizers in sea water
and their abilities to enhance biodegradation of petroleum hydrocar—

bons[J]. Environmental Chemistry, 2010, 29(3) . 455-461.



